OBJECTIVES: Treatment of atrial septal defect (ASD) in adults is still controversial, and with older age the likelihood of treatment is decreased. The aim of this study was to investigate the effect of ASD closure in adults and especially in the elderly in our institution in a retrospective review.
INTRODUCTION
Atrial septal defect (ASD) is one of the most common congenital heart diseases in adults [1] . Patients may live through to their 6th or 7th decade before symptoms appear [2] . At that time, increased perfusion of the lungs may lead to dyspnoea, and dilation of the right atrium increases the risk of atrial arrhythmias [3] . Correction of the defect within the first few decades of life is beneficial and normalizes risk of associated morbidity later in life [4, 5] . However, there is still no consensus on the optimal treatment strategy in the elderly with ASD.
Against correction in the elderly is an increased risk of complications and higher mortality due to comorbidity [1, 4, 6, 7] . The natural history of the disease was investigated in the 1960s and 1970s, but also in a more recent study in the 1990s, and optimal medical treatment was thought to match surgical repair [1, 5] . Furthermore, several studies have shown that ASD closure has no effect on the development of atrial arrhythmias and no effect on mortality in the smaller and less severe defects [4, [8] [9] [10] [11] . The outcome after operation is in all matters inferior for the elderly compared with those operated on earlier in life. Thus, some advise that correction should not be performed routinely in the elderly patients [1, 7, 8, 12, 13] .
In favour of correction are other and more contemporary studies showing the substantial effect of closure in the elderly on mortality and subjective symptoms such as dyspnoea [6, [14] [15] [16] _ENREF_6.
The aim of this retrospective review was to investigate symptoms, presence of atrial fibrillation and right ventricle (RV) dilation in adults and elderly patients treated for ASD in the modern era.
MATERIALS AND METHODS
The study population consisted of all 220 patients aged ≥18 years corrected for a secundum ASD between 1990 and 2008 at Aarhus University Hospital either by surgery or the transcatheter technique. Thirteen patients were excluded due to cardiac comorbidity. Valve surgery was performed on six, coronary surgery on three and other cardiac surgery on four patients. Eleven patients were lost to follow-up and 196 patients were therefore eligible for analysis. The follow-up period was at least 3 months. The patients were divided into two groups. Group I included patients who had their ASD closed between age 18 and 49 years and Group II included patients who had their defect closed after 50 years of age (Table 1 ). All patients were diagnosed with a transthoracic cross-sectional and transoesophageal echocardiography prior to closure. RV was considered dilated when RV ≥ LV in a transthoracic apical 4-chamber view and the criteria for pulmonary arterial hypertension (PAH) was a tricuspid regurgitation gradient ≥40 mmHg. All patients were discussed at a joint cardiology and surgical conference. The ASD was closed by the catheter technique if possible and otherwise the patient underwent surgery.
Two independent investigators reviewed all hospital records. A third investigator was consulted in case of divergence in findings. Pre and postoperative echocardiography and subjective symptoms were registered. Atrial fibrillation (AF) was registered from a 12-lead electrocardiogram or description of such in the hospital record and divided into either chronic AF or paroxysmal AF. All patients >40 years had coronary arteriography performed and were excluded if intervention was required. Transthoracic echocardiography was performed and symptoms registered again 3 months after closure. Patients who had not undergone the scheduled echocardiography at the time of registration (n = 8) were contacted and echocardiography was performed. The mean time before control for the patients with late follow-up was 3.6 years (1.5-7.5). Patients with arrhythmias were followed-up until 1 year postoperatively.
Statistical analysis
Confidence limits for differences between group means were calculated from a normal approximation, and P-values consequently assessed using unpaired t-tests. Chi-squared tests were used for comparison of proportions. Absolute risk reduction with corresponding confidence limits and P-values were calculated in a generalized linear model (using the binomial family and identity link) performing robust variance estimation to account for the cluster-effect of repeated measures on each study subject.
Confidence limits for proportions were assessed by Jeffrey's method. All calculations were carried out using statistical software Stata 12.0 (Stata Corp. LP, TX, USA), and the considered significance level was 5%.
This study was approved by The Danish Data Protection Agency ( j.nr. 2010-41-4649) and the National Board of Health ( j.nr. 7-604-04-2/193/KWH).
RESULTS
One patient (age 19 years), who had congenital rheumatic disease and a severely dilated RV prior to surgery, suffered severe persistent arrhythmias and died. The patient was operated on and developed cardiac incompensation and sinus bradycardia after discharge. During a pacemaker implantation the patient died from electro-mechanic dissociation.
The mean age was 44.2 ± 17.7 years (range 18-81) at the time of closure. In Group I (n = 117), the mean age was 32 ± 10.5 years and in Group II (n = 79), it was 62 ± 8.0 years. Group I had a mean hospital stay of 4.4 ± 3 days and Group II, 3.9 ± 2.7 days. There was no statistically significant difference between mean hospital stay in the two age groups [confidence interval (CI): −0.4; 1.3, P = 0.27], but patients who had transcatheter closure had a shorter hospital stay than those who had surgery performed [2.1 vs 6.9 days (CI: 4.3; 5.2), P < 0.0001]. Complications occurred equally often in the two groups (19 patients in Group I and 17 in Group II), P = 0.35 (Table 2) . When groups were separated according to transcatheter closure or surgery, there was a statistically significant difference between those two groups (P = 0.0005). We did not see post-incisional supraventricular arrhythmias in any of the patients. Except for the one death, the complications were temporary and caused no permanent damage. All new post-procedure arrhythmias were treated and converted to sinus rhythm before the patients were discharged. New arrhythmias seen after discharge were not considered to be a complication. Three patients were surgically treated after failed transcatheter closure.
Cryoablation was not performed routinely on patients with AF until year 2000 when the treatment was introduced in our [17] . None of the 17 had AF afterwards. Radiofrequency ablation (RFA) was not performed during surgery in any of the patients. In Group I, 84% had RV dilation and three out of four patients had symptoms prior to closure (Table 3) . More than half experienced dyspnoea and some had mild symptoms such as dizziness and fatigue. Only few had been diagnosed with AF even though 25% registered palpitations. After closure, the incidence of dyspnoea was significantly decreased and the right ventricular dimensions diminished.
As expected, symptoms were more common in Group II than in Group I. Prior to closure, all but one person in this older group had symptoms. In particular, AF (47%) and dyspnoea (77%) were seen much more frequently in this group (6 and 54%, respectively).
As seen in Fig. 1 , many patients were relieved of their AF after closure. This was particularly seen for those with paroxysmal AF. In the elderly patients, there was a reduction in AF after closure of 43%. One year after treatment, three of the six patients with newly diagnosed AF were in sinus rhythm.
AF increased with higher age as expected (Table 4) . We found that the reduction in AF was seen in all elderly patients, and even in the patients above 70 years, one in four were relieved of their AF.
RFA and direct current (DC) cardioversion was tried in five patients with chronic AF with no effect. Of the patients with remaining chronic AF after closure, six did not have any reduction in RV and six had PAH before closure, suggesting a more severe disease. At a later follow-up, we found that three patients in Group I and four in Group II had obtained sinus rhythm.
Right ventricular dilation decreased in both groups after treatment and almost 78% in Group II experienced a reduction in RV dilation within 3 months after closure. Almost no patients were asymptomatic in this group before closure, while one-third became asymptomatic after closure.
The difference in absolute risk reduction between the two groups was statistically significant for AF, PAH and symptom improvement with a larger improvement in Group II.
Surgery vs catheter treatment
The patients in the surgery group were significantly younger than the catheter-treated patients (39 vs 48 years, P < 0.0006) and more had a dilated RV (99 vs 92%, P = 0.046). Right ventricular dilation decreased more in the transcatheter group and there were more complications in the surgery group (Table 5) .
DISCUSSION
The elderly patients in this study did benefit significantly from closure, with reduction of their symptoms. Some were relieved from AF and PAH. Like several other studies, we found a significant decrease in dyspnoea and subjective improvement in symptoms in both age groups after closure of the defect. Others found that the effect of closure diminishes with older age [18, 19] . Veldtman et al. [18] finds that the remodelling in the RV after closure is present in the elderly but not to the same degree as for the younger patients. In this study, we found that age does not influence the effect of closure and the elderly benefit equally from closure compared with the younger patients regarding RV remodelling also. One major argument against transcatheter or surgical treatment of an ASD in the elderly is the reported increased number of complications and mortality [4, 6, 20] . Murphy et al. found in a long-term (27 years) follow-up study in 123 patients, that the oldest patients had a survival of only 67% compared with a matched control group after surgery. Many of the deaths in this group occur in the immediate postoperative period. These patients were treated five or six decades ago and new modalities for peri and postoperative care and treatment have been developed since then. In this study, we found only one death, which occurred in the young group. Complications were few in both the young and elderly patients and did not occur more often in the elderly. We believe that today's continuously increasing knowledge on how to handle surgery, transcatheter techniques and postoperative care results in fewer complications and shorter hospital stays, from both of which elderly patients benefit.
Right ventricular dilation reduction has been found to decrease overall after closure [18] . Ghosh et al. [19] also found a size reduction in RV in the elderly, but not as pronounced as in the young. They measured the RV reduction in actual size, while this study only reports whether a reduction was seen. We found no difference in the reduction of RV size between age groups and that substantial RV reduction is possible even in the elderly patients.
One of the most discussed subjects regarding closing an ASD in the elderly is the impact on AF. Several studies find no or only very little effect on the development of AF when treated late in life [1, 4, 6, 10, 11, 21] . One study investigated the use of DC cardioversion before closure and found that this can improve the conversion rate [22] . Only four patients received this treatment though, and further investigation concerning this approach would be beneficial. We have performed RFA and DC conversion on five patients with chronic AF after closure with no effect. Giamberti et al. investigated 15 patients with an average age of 54 years. They had either chronic or paroxysmal AF and were treated with irrigated RFA during surgical closure of their defect. Two years after surgery, 13 were still in sinus rhythm [23] . We have since year 2000 performed Cryoablation on our patients undergoing surgery and four out of four patients have converted to sinus rhythm. Another study found a reduction in AF after closure of the defect with a reduction in AF from 16 to 7 patients (56%). The patients had a median age of 26 years (mean 35.2 ± 13.6) and the age is not quite comparable with the Group II of our study [13] . We found that after 3 months, there was a decrease in AF in the elderly patients of 20%. One year after closure, the decrease was 25%. With the routine use of either cryo-or RFA methods, the effect on AF could be even bigger than what we have seen in this study.
In a study of AF in patients above 60 years, Berger et al. [21] found a reduction in AF after closure in both the patients above 60 years and between 40 and 60 years. The effect was not as large for the oldest of the patients as for those younger than 60 years. In our study, we find an equally large effect in patients from 50 to 80 years of age. We therefore believe that closure of an ASD is beneficial in reducing AF even in elderly patients with a history of several years of arrhythmias. As seen in other studies, many patients still have AF though, and an individual approach with follow-up and anticoagulation therapy is often needed. The younger patients investigated in this study were found to have fewer symptoms than the elderly. However, already at an early age we found RV dilation and a large number of patients with palpitations and dyspnoea. This advocates that treatment at an early age is still preferable when possible. The patients offered treatment in this study had either symptoms or a dilated RV. Patients in both age groups with smaller defects, with no symptoms or objective measurements, are not treated as a standard. The treatment of those defects should be investigated further, especially concerning development and treatment of AF.
Study limitations
The follow-up period in this study is only 3 months, and some of the symptoms seen are rare in nature, i.e. cerebrovascular events and syncope. Not many patients experience those symptoms in the follow-up period, and perhaps a longer follow-up might have resulted in more events in some of these categories. The retrospective design carries with it some limitations in what information is available and how many patients can be included in the study.
The patients in the two groups differ somewhat, with the younger patients tending to have surgery and the transcatheter treatment performed more frequently in the elderly. When transcatheter closure was introduced, the tendency to close defects in older patients may have increased. The transcatheter technique results in a shorter hospital stay and fewer complications. This result seems to agree with other studies [12, 24] . This can partially explain the fact that the elderly patients have complications and hospital stays that match that of the young. The patients eligible for transcatheter treatment are those with small, symmetrical and singular defects while patients with larger, multiple or asymmetrical defects normally undergo surgery. This can influence the result on complications-especially arrhythmias, which are seen more frequently in the surgery group. The reason younger patients tend to have surgery more often than the elderly could be because larger defects are more likely to cause symptoms earlier in life and hence the patients are referred to surgery before they reach old age. However, we did not find any significant difference between sizes of the defect between the two age groups.
CONCLUSIONS
This study investigates both the outcome and differences in up-to-date surgery and transcatheter techniques used for closure of an ASD as well as the impact of age on the outcome after closure.
We find that the outcome is equally good for both young and elderly patients in almost all parameters. They have similar reduction in right ventricular size, decrease in dyspnoea and most other symptoms. Many elderly patients are relieved from AF. The effect is not diminished with increasing age and most elderly experience subjective improvement of symptoms. The elderly have no increased hospitalization, complications or mortality compared with the young. Elderly patients should therefore not be withheld from closure of a significant ASD.
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